Introduction
The Strait of Gibraltar is a choke point in the exchange between the Atlantic Ocean and the Mediterranean Sea. Accurate observations of the mass, salt, and heat transports there provide important integral information about the processes in the interior of the basin. Time variability in these transports may be indicative of changes in the strait dynamics or in the basin interior balances. In future forecasting systems, accurate observations of the exchange flow and of the water mass properties may also serve to provide boundary conditions or constraints for numerical models.
The Strait of Gibraltar is a complicated environment, both dynamically and logistically. Huge changing currents, large horizontal and vertical shears, a strong and nonlinear tidal regime, internal bores, and hydraulic processes contribute to the difficulty in studying this area. Partly because of this adverse environment (including also corrosion) and probably partly because of human interference (fishing, etc.), moorings are frequently lost or get damaged. The highway-like shipping through the strait makes oceanographic work difficult as well. In spite of this, there have been a number of studies in the past, some using shipboard measurements Farmer and Armi, 1988; Bray et al., 1995] and several using moored equipment [Candela, 1991; Bryden et al., 1994] . The moorings generally only sample at a few points across the strait, while ship observations lack the temporal information on how observed structures may change with time (especially in this tidally dominated regime).
The observations presented here are part of an effort to merge high spatial resolution from ship observations with good temporal data from various moorings in the strait. The two cruises Poseidon 217 and 234 (in spring and in fall, respectively) used traditional nonsynoptic conductivity-temperaturedepth (CTD)/lowered acoustic Doppler current profiler (1ADCP) sections, rapid quasi-synoptic vessel-mounted ADCP (vmADCP) repeat sections (many repeats over full tidal cycles), CTD/1ADCP time series stations at one place over one or more complete tidal cycles, and dedicated observations of the internal bore. In this paper the shipboard observations are presented, emphasizing the distributions and variability of flow 
Measurement Techniques
The intensive shipboard observations were carried out with CTD, XBT, vmADCP, and 1ADCP in order to obtain a good picture of the spatial structure and the variability of the flow through the Strait of Gibraltar.
A 150-kHz lowered ADCP, which was mounted on the frame of the CTD rosette, was used to measure current profiles extending nearly to the bottom of the strait. The profiles were corrected for ship drift, using the data from a GPS/GLONASS receiver. Because of the partly extreme currents and nautical constraints in the busy Strait of Gibraltar, a large wire angle and tilt of the 1ADCP could not always be avoided. The data with a tilt of the instrument of more than 17 ø were not used.
The underway measurements of the current were carried out with a 150-kHz vessel-mounted ADCP with a beam angle of 30 ø. For navigation a GLONASS/GPS receiver was used, and the ship's heading was determined with a gyrocompass. The temporal resolution (ensemble length) was 120 or 180 s, and the vertical resolution (bin length) was 16 m. The vertical range of the ADCP was typically 400 m, so that the currents of the upper layer, of the interface layer, and of the upper part of the lower layer could be measured. As always with this technique, there are gaps near the surface (upper 25 m) and in the 30-50 m above the bottom.
At the eastern entrance of the strait (E in Figure 1 ), at the Camarinal Sill (S), and west of Spartel Sill (W), the vmADCP was used for a set of rapid quasi-synoptic cross-strait sections over approximately one full M 2 tidal cycle each. During these sections the ship steamed as fast as possible with a speed of -12 knots, taking typically 50 min for one crossing. When the ship turned and headed back again the gyrocompass oscillated owing to the acceleration of the ship (Schuler oscillations [Schuler, 1923] ). A correction of this error was not possible for the measurements of the cruise Poseidon 217 but was applied for the cruise Poseidon 234 with the help of a threedimensional (3-D) Ashtec GPS system. In addition, the data were corrected for transducer orientation.
Conductivity, temperature, and pressure were measured at various locations in the strait with a Neil Brown Mk3 CTD system. It was calibrated using bottle samples and reversing thermometers. The CTD was used in two different modes. One consisted of single full-depth casts at several locations along a section or of full-depth repeat stations at a given location over a full M 2 tidal cycle. This was done to measure the temporal changes of the hydrographic structure and was usually combined with simultaneous 1ADCP and vmADCP measurements.
Normally, the whole water column was thus covered with CTD and ADCP data, and water samples were taken for calibration. In the other mode the CTD was used at a given location for continuous rapid up and down casts ("CTD-yoyo") in the upper 300 m of the water column. Each round-trip profile took -10 min. The goal of these measurements was to get a view of the temporal changes of the water mass characteristics and of the depth of the interface between Atlantic and Mediterranean water as the internal bore passes by. At the same time the vmADCP was running to investigate the corresponding distributions of the 3-D currents.
For rapid underway sampling of the water mass structure and in support of vmADCP measurements, T-6 XBTs with a maximal range of 460 m were used during Poseidon 234. They were complemented by CTD data where possible. One sequence of vmADCP sections over a tidal cycle is available from spring, and one is available from fall. While there are differences between these two tidal averages, here we show only the total average from both seasons (Plate 4). The seasonal changes in interface depth (based on salinity) will later be emphasized in 
with the density p, the current speed u, and the depth coordinate z. It reveals regions where the density was unstably stratified (Plate 11, bottom). The more extreme inversions can be associated with salinity anomalies that have detached from the interface. There are some suggestions that after the bore has passed, patches of unstratified/unstable water may be left behind. Time series of the composite Froude number could be estimated for the first time from joint vmADCP and CTD measurements at the eastern entrance of the strait in spring (spring and neap tides) and in fall. These estimates, as well as qualitative interface tilts from the flow structure observed in alongstrait sections, are consistent with hydraulically controlled and maximal exchange in April 1996. Corresponding conditions were not observed in October 1997, the interface being lower and with typical surface flows of smaller amplitudes.
